Two experiments were conducted to determine apparent ileal DM and crude-protein (CP) digestibilities in rations fed to pigs. An evaluation was made of Cr,O, and HC1-insoluble ash as digestive markers. In addition, the effects of body weight (BW) on apparent ileal DM and C P (N x 625) digestibilities were studied. In Expt 1, thirteen barrows averaging 35 kg BW were fitted with post-valve T-caecum (PVTC) cannulas to determine the apparent ileal DM and C P digestibilities of a wheat glutepbran ration (B2) and a soyabean-meal ration (El). Immediately after morning feeding ileal digesta samples were collected on an hourly basis for a total of 12 h. Subsequently, N and marker contents were determined in the samples. The postprandial patterns of N and Cr passage were more similar than those of N and HClinsoluble ash. Therefore Cr,O, is more suitable as a marker than HC1-insoluble ash. The apparent ileal C P digestibility coefficient of ration B2 derived using Cr,O, as a marker was significantly (P < 0.05) higher by 0.018 compared with the value obtained using HCI-insoluble ash. The corresponding values for ration E2 obtained using Cr,O, and HC1-insoluble ash were both 0.825. In Expt 2, apparent ileal DM and C P digestibilities were determined in eighteen rations using twelve barrows also fitted with PVTC cannulas (BW from 40 to 100 kg). The protein sources for these rations were from different groups of feedstuffs. In four and three of the rations apparent ileal DM and C P digestibilities respectively were significantly different (P < 0.05) when assessed using the two markers. The digestibility coefficients were not systematically higher or lower for either marker. Absolute differences were < 0.049 on average. Significant effects of live weight on apparent ileal CP digestibilities were found.
The objectives of the present study were: (a) to determine postprandial changes in the contents of N, Cr and HCI-insoluble ash when feeding two rations different in crude fibre content (Expt 1) and (b) to determine ileal digestibilities of DM and CP in eighteen different protein-source rations using Cr,O, and HC1-insoluble ash as digestive markers (Expt 2).
MATERIALS A N D METHODS

Experimental protocol
Determination of ileal digestibility. Crossbred barrows ((Dutch Landrace x Yorkshire) x Finnish Landrace) were individually housed in smooth-walled metabolism cages (800 x 1800 mmj with a plastisol surface (Tenderfoot@, 4530 Ibberburen, Am Ring 1, West Germany) without bedding. The animals could move freely in the cages. The cages were placed in an environmentally controlled barn with air temperature of 19-21". From 07.0&21.00 hours the experimental room was illuminated: during the night the lights were dimmed. Animals were surgically fitted with post-valve T-caecum (PVTC) cannulas according to van Leeuwen et al. (1991) . The cannulas, of 25 mm internal diameter, were constructed from silicone rubber. Following the surgery the pigs were returned to the metabolism cages and allowed a recovery period of 10 d. Rations were fed at a level of 2.6 times the requirement of metabolizable energy for maintenance (420 kJ/kg body weight (BW)077. The pigs were given equal amounts of feed at 08.00 and 16.00 hours during the adaptation period and at 08.00 and 20.00 hours from 2 d before and during the collection periods. Water was mixed with the feed (2.5: 1) just before feeding.
The following two experiments were approved by the TNO Committee for Animal Welfare.
Expt 1. Thirteen animals, with a mean body weight of 35 kg, were divided into two groups (1 and 2). Seven animals of group 1 received ration B2 (see Table 2 ), with wheat gluten and wheat bran as a protein source. The six animals of group 2 received ration El, with soyabean meal as a protein source. After 10 d adaptation to the rations, digesta were collected on three successive days over a period from 08.00 to 20.00 hours for the determination of apparent ileal CP digestibility. Digesta samples were collected hourly and immediately frozen (-20") . After the experiment the digesta collected over the 3 d were thawed, pooled on the basis of animal, frozen again and freeze dried. On the fourth day digesta samples were collected hourly to study N and marker passage. Hourly samples were pooled per ration, immediately frozen (-20") and freeze-dried. The study was conducted when pigs had a mean body weight of 35 kg.
Expt 2. Twelve crossbred barrows were used to determine ileal digestibility of eighteen experimental rations (see Table 2 ) in a split-plot design (see Table 3 ). Digestibility determinations of these rations were conducted at three different body-weight ranges ; 40-52, 57-70, and 87-100 kg. Each body-weight domain consisted of three separate test periods of 1 week duration each. Between the body-weight domains the adaptation period was at least 11 d. Within the 3 weeks three rations with feedstuffs from the same product group were given to the individual animals (see Table 2 ). The adaptation period within the domain was 4.5 d (nine feeds). After adaptation, on three successive days digesta samples were collected over a period from 08.00 to 20.00 hours for the determination of apparent ileal CP digestibility. Digesta samples were collected hourly and immediately frozen (-20") . After the experiment the digesta of the 3 d collections were thawed and pooled per animal.
Rations. Feedstuffs (Table 1) were divided into six product groups:
(1) cereals; wheat, barley, maize.
(2) by-products of cereals; wheat gluten, wheat bran, maize-gluten feed. * Contents of antinutritional factors: C1, 2.6 mg trypsin-inhibitor activity (TIA)/g; C2, < 5 mg tannins/g expressed as catechin equivalents, 1.9 mg TIA/g; C3, 5.5 mg tannins/g expressed as catechin equivalents, 1.9 mg TIA/g; D1, 4 mg alkaloids/g; D2, 1.5 mg TIA/g; D3, < 0.1 mg TIA/g; El, 3.5 mg TIA/g; E2, 4,umol glucosinolate/g; F1, 1.4 mg biogenic amines/g.
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(3) legume seeds, group I; peas, faba beans (Vicia faba) with low tannin content, faba (4) legume seeds, group I1 ; lupins, toasted full-fat soyabeans, toasted Phaseolus beans. ( 5 ) expellers ; soyabean meal, rapeseed meal, sunflower-seed meal.
(6) products of animal origin; fish meal, casein, meat-and-bone meal.
Eighteen rations (Table 2) were formulated using the eighteen feedstuffs. In rations with a feedstuff containing a low percentage of protein, additional wheat-gluten meal was included to a level of at least 146 g CP/kg. The feedstuffs (except wheat-gluten meal and casein which were manufactured as powders) were ground through a 2.5 mm mesh screen in a hammer mill. Lupins were ground with a Urchul cutting mill to fineness similar to the other milled feedstuffs. As digestive markers both Cr,O, (2-5 g/kg) (Merck, Darmstadt, Germany; cat. no. 1.02483) and HC1-insoluble ash (10 g/kg) (Diamol, purified diatomaceous shell; Biakon NV, Parklaan 18, B2280 Grobbendonk, Belgium) were included in the rations.
Analytical procedures
Before chemical analysis, feedstuffs, rations and freeze-dried digesta were ground through a 1 mm screen using a Retsch AM 1 grinder. N was analysed by the Kjeldahl method in a semi-automatic Kjellfoss apparatus (Foss Electronic, Hillerod, Denmark). DM contents were determined after drying at 80" overnight.
Crude fibre was analysed according to NEN standard 5417 (Netherlands Normalization Institute, 1988) . Briefly, samples were boiled for 30 min in 0.13 M-H,SO, and 30 min in 1-5 M-NaOH. After filtration, the samples were ashed and dried. beans with high tannin content. Crude fat was analysed by treating the samples for 1 h with 3 M-HCl and drying for 3 h under vacuum at loo", followed by 9 h extraction with petroleum ether (European Commission, 1984) .
Cr,O, in the rations and digesta was analysed colorimetrically after destruction of the sample by ashing at 525" for 4 h followed by oxidation with Na,O under strong heating with a gas flame. The ash was solubilized in water and the Cr concentration was measured at 372 nm as chromate.
HC1-insoluble ash was determined gravimetrically. To this end each ration and digesta sample was hydrolysed with 3 M-HCl at 100" for 30 min. Subsequently samples were filtered through an ash-free filter and washed with boiling water until free of acid. Residues were ashed at 550".
Procedures used for the determination of the antinutritional factors in the feedstuffs were: for trypsin inhibitor activity (TIA), Van Oort et al. (1989) ; for condensed tannins (expressed as catechin equivalents), Kuhla & Ebmeier (1981) ; for alkaloids, European Commission (1971); for glucosinolates, European Commission (1990) . Biogenic amines were analysed with an amino acid analyser (Biotronic LC6001, Biotronik, Hamburg, Germany) using ion-exchange column BTC27 10 and U.V. detection.
Calculations
Apparent digestibilities of CP were corrected for N from synthetic amino acids included in the diet, assuming 100% digestibility. The digestibilities of DM and CP were calculated based on Cr,O, and HC1-insoluble ash corrected for Cr,03.
The formula used for the calculation of ileal digestibilities was :
where DC is the digestibility coefficient of the nutrient; N feed (g/kg) is the content of the nutrient in feed (g/kg); N digesta (g/kg) is the content of the nutrient in digesta (g/kg); M feed (g/kg) is the content of the marker in feed (g/kg); M digesta (g/kg) is the content of the marker in digesta (g/kg).
Statistical analysis Expt 1. Differences between digestibility values derived from the two markers were analysed using the paired sampling Student's t test using Statistical Packages for the Social Sciences software (1 992).
Expt 2. The experiment was carried out according to a split-plot design with two blocking factors. The blocking factors were animal (twelve animals) and body weights (three domains). The whole plots are product groups (A,.,.,F) of rations with similar protein sources. Subplots were developed with the variation of three feedstuffs within each experiment group (Al, A,, . . ., F,, F3) . The layout of the design is given in + E,,(,) ,
where y y k is the analysed variable, p is the overall mean, BW, is the body-weight domain 1, ..., 3) , animalj is the animal (j = 1,. .., 12), aration, is the ration (Al, A,, ..., F,, F,;  k = 1,. . ., 1 S), O,, is the main plot error and eij(,) is the subplot error. An analysis of variance was performed with the computer program GENSTAT 5 (Payne, 1994) . GENSTAT instructions were : block (animal x BW)/subplot; treatment a-ration//group. The variables analysed were ileal digestibility of DM and CP using Cr,O, and HC1-insoluble ash as digestive markers respectively. Digestibilities of three rations with feedstuffs of the same origin were determined in the same group of six animals. Using the same animals for the similar feedstuffs increased comparability within the groups. However, due to the layout of the design the groups and feedstuffs are partially confounded with animals. The degrees of freedom of the least significant difference (LSD) value for comparing feedstuffs of different product groups is calculated according to Satterthwaite's formula. Correlation between recovery of the digestive markers and digestibility was calculated according to the Spearman rank correlation analysis also with the computer program GENSTAT 5. In addition, statistical analyses of DM and CP digestibility were performed with marker recovery as covariate. GENSTAT instructions were : treatment a-ration; covariate recovery.
Feed refusals of individual animals, due to palatability, occurred when feeding the maizegluten-feed ration (B3, two animals), feeding the ration with the high-tannin faba-bean variety (C3, one animal) and feeding the lupin ration (Dl, one animal). This resulted in four missing DM and CP digestibility values of the data set.
R E S U L T S
Feedstufs and rations
Contents of DM, CP, crude fibre and antinutritional factors in the feedstuffs are given in Table 1 . Crude fat contents in toasted full-fat soyabeans, fish meal and meat-and-bone meal were 118, 60 and 92 g/kg respectively. Content of CP in the rations ranged from 146 to 171 g/kg ( Table 2 ). The analysed content of the markers varied for Cr,O, from 2.2 to 2.8 g/kg and for HC1-insoluble ash from 9.9 to 29.4 g/kg.
Expt I . Postprandial change in content of nitrogen and markers and digestibility coeficients derived from chromic oxide and hydrochloric acid-insoluble ash
The N contents in freeze-dried digesta were, over the 12 h of collection, for both rations rather constant (Fig. 1) . Also, when feeding ration El the content of Cr,O, was rather constant (Fig. 2(a) ). For ration B2, however, the content of Cr,O, increased after the third hour of the collection period and decreased after the sixth hour of the collection period. The pattern of content of HC1-insoluble ash in the digesta varied for both rations much more than for Cr,O, (Fig. 2(b) ).
The mean digestibility coefficients for CP, determined with Cr,O, as a lgestibility marker, were for rations B2 and El, 0.834 and 0.825 respectively. Corresponding digestibility coefficients determined with HC1-insoluble ash as a marker were 0.8 16 and 0-825 units. The absolute differences in digestibility coefficients determined using Cr,O, and HC1-insoluble ash were small (0.018 unit), but significantly different (P < 0.05) for ration B2.
Expt 2. Evaluation of the chromic oxide and hydrochloric acid-insoluble ash in an experiment with eighteen rations and the efSect of body weight on digestibility
CP digestibility coefficients increased significantly ( P < 0.05) with BW (Table 4 ). This can be explained mainly by the higher CP digestibility values at the highest body weight. Significant effects were also observed for DM digestibility, but these differences were small. Between animals significant differences (P < 0.05) were found for both DM and CP digestibility.
In Table 5 the mean apparent ileal digestibilities of the eighteen individual rations are given with LSD. The LSD of rations from different product groups were slightly higher than those within the same product group. For four out of the eighteen rations differences in DM digestibility between the two markers were significant (P < 005) and the CP digestibilities of three out of the eighteen rations were different (P < 0.05). The digestibility coefficients of DM derived from Cr,O, were significantly higher than those derived from HC1-insoluble ash for the DM of the wheat ration (Al), the maize-gluten-feed ration (B3), lupin ration (DI) and the sunflower-seed-meal ration (F3). The CP digestibility coefficient of the maize-gluten-feed ration (B3) was significantly ( P < 0.05) higher and the CP digestibility coefficients of the soyabean-meal ration (El) and fish-meal ration (Fl) were significantly lower when calculated with Cr,O, as a marker rather than HC1-insoluble ash.
The recovery of the two markers collected in digesta ranged from 78 (C3) to 109 (F2) percentage units of the Cr,O, dietary intake, and from 78 (C3) to 112 (F2) percentage units of the HCI-insoluble-ash intake. The means of both marker recoveries of the rations were positively correlated with means of the DM and CP digestibility of the rations ( P < 0.05); however, the correlation coefficients (R') were < 0.29. DM and CP digestibility coefficients obtained after correction for marker recovery were similar to those without this correction. 1 Difference between digestibility values measured using Cr,O, and HC1-insoluble ash assessed using Student's paired t test. (Table 2 ). The Cr,O, content was, with the exception of Phaseolus bean ration (D3), close to or lower than the intended dosage (2.5 g/kg). Variation of HC1-insoluble ash content of the rations can be explained by the differences in the HC1-insoluble-ash content of the feedstuffs (Wunsche et al. 1984) and by the different amounts of mineral added to the rations. Analytical difficulties, such as interference from P (Saha & Gilbreath, 1991) , possibly explain part of the variation of the Cr,O, content in the rations. Comparing digestibility coefficients derived from Cr,O, v. total collections, Bakker & Jongbloed (1994) recently showed the validity of using Cr,O, as a digestive marker. However, the use of Cr, which is a heavy metal, is limited for routine experiments because of national and international environmental legislations (Besluit Aanwijzing Gevaarlijke Afvalstoffen, 1993 ; European Commission, 1976 ).
Apparent ileal digestibility coeficients of dry matter ( D M ) and crude protein (CP; ,25) in pigs, for eighteen feedstufls from six categories (A-F) determined with chromic and hydrochloric acid-insoluble ash as digestive markers?
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DISCUSSION
Content of both markers varied in the diets
An alternative to Cr,O, is HC1-insoluble ash. Bakker & Jongbloed (1994) concluded that HC1-insoluble ash was not suitable for the determination of faecal digestibility. However, in their experiment no extra HC1-insoluble ash was added to the rations making accurate qualitative analysis more critical (McCarthy et al. 1974) . On the other hand, Wunsche et al. (1984) using barley-soyabean-meal rations found apparent ileal DM and CP digestibility values, assessed with HC1-insoluble ash from the feedstuffs, similar to those obtained by quantitative collection of digesta. Moughan et ul. (1991) support the use of natural dietary HC1-insoluble ash as a marker and have suggested the addition of diatomaceous earth when the natural level of insoluble ash is low. Also, Jongbloed et al. (1991) have suggested, based on the results of an experiment where the overall digestibility was measured, addition of milled diatomaceous shells to decrease the variation of digestibility values. In the present experiment diatomaceous shells (Diamol) were added to all rations to guarantee that the HC1-insoluble ash level was high enough for accurate analysis.
A prerequisite for the use of a marker is that the nutrient:marker content ratio in the collected digesta has to be representative of the total digesta that passes the terminal ileum. However, the ratios in the undigested material can change postprandially (Moore, 1957) . Only quantitative collection, semi-quantitative collection or frequent collection provides representative samples. The results of the first experiment showed rather constant N content in the freeze-dried digesta during collection. Variation in Cr,O, content in the digesta during collection, however, differed between the rations. Cr,O, content was rather constant after feeding the soyabean ration (calculated crude fibre content: 14 g/kg) but varied after feeding the wheat bran-gluten ration (calculated crude fibre content: 34 g/kg). However, variation of HC1-insoluble-ash passage was found when feeding both the soyabean and wheat bran-gluten rations. The observed variation implies differences in the nutrient: marker content ratio in digesta during collection and means that the method used to collect digesta is critical for accurate calculation of digestibilities. In the present experiments, digesta were collected semi-quantitatively. In Expt 2, apparent DM digestibilities derived from the two markers were similar for fourteen out of the eighteen rations. For four rations the difference in DM digestibility between the two markers was significant (P < 0.05). On these occasions the values derived from Cr,O, were higher than those derived from HCl-insoluble ash. The CP digestibilities of three out of the eighteen rations were different (P < 0.05); one value for Cr,O, was higher than that for HClinsoluble ash and two were lower. The absolute differences in apparent DM and CP digestibility were, with the exception of the relatively poorly digestible ration B3, < 0.023. Further, results showed that the digestibilities derived from Cr,O, were not systematically higher or lower than those derived from HC1-insoluble ash and that the LSD were similar. However, validity of markers in general can be improved when variation in the nutrient: marker content ratio in the undigested material is reduced. This could possibly be achieved by feeding the animals more frequently. In the present study, animals were fed every 12 h and digesta samples were collected, also, over 12 h. The recovered amount of marker should be loo%, or less if some digesta passed the collection cannula. However, when feeding the casein ration (F2) the collected amount of the markers was over 100% (for Cr,O, 109 % and for insoluble ash 107 %). The recovery of the markers was higher in rations with a high CP digestibility which have, in general, a low crude-fibre content. In high-fibre rations relatively more digesta flows through to the colon thereby passing the collection cannula. The differences in recovery were also observed within rations and between animals. Within rations, no correlations were found between recovery of the marker and DM or CP digestibility. However, the observations indicate an increased passage rate during digesta collection. The explanation for this phenomenon may be the effect of a change of the abdominal pressure after opening the cannula and a difference in activity of the animals during the night (without collection) and during the day (collection period). Furthermore, during digesta collection, no colo-ileal reflux is possible. Malbert et u1. (1994) concluded that this reflux alters the gastro-duodenal motility. The observation that no correlations were found within rations between recovery and digestibility prove that the possible effect on motility does not alter digestibility. However, frequent feeding and
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shortening of the collection period would be more in accordance with the physiology of the animal because the period of the interruption of the colo-ileal reflux is shorter. Moreover, frequent feeding may be more comparable to conventional pig feed management systems in Europe.
The apparent ileal CP digestibility values of the rations with a single feedstuff as protein source in the present study can be compared with data from the literature (van Leeuwen et al. 1993 These observations indicate that the digestion capacity in this BW range changes to a minor extent.
In summary, apparent ileal digestibility coefficients of DM and CP when using HClinsoluble ash and Cr,O, as digestive markers were similar when 10 g/kg diatomaceous shells (Diamol) was added to the rations and digesta was collected semi-quantitatively. Shortening of the collection periods in combination with frequent feeding might improve the measurements for ileal digestibility experiments. This aspect needs further investigation.
